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A method of sequencing nucleic acids. 



nucleic acids, and partlcularly ^ not ^ ^ 

method of sequencing DNA. 

l.>ort..« „ Mlecu: . r bloIOR , „ d blotechnoIo!y _ ^ 
«th. . of <B!UMCIng .„ ^ m th> ^ 

o .Lctroph.,.,,.. „ th£ , t , clullque 

oll*o„„c le oti., s „hlch «„„ in „ mly , !lngle nuciMtUe 
reside „, b. r...lwd b y of th.lr diff.ri^ nUtl „ 

as high pressur. liquid chroMtographjr (HPLC). 

I- ord„ t , deter.i„ e th e seque „ c , „ u , ^ 

such a s DNA , ,. rll . of f rlmeots „, produce< , wl(h om Md ^ 
co».,„ tht other varyl „ g Jo pMitlon slM8 t|w a 

minimum of four types of ser-f«e #»_ 

yP 86rleS of fr aP»e.nts is produced, each group 
being terminated by or cleavprf »«• 

cn ,, 4 Y or cleaved « one of the four possible bases by 

specific chemical or enzymic means. 

There are two well Known ways in which DNA fragments ending 
cleaved at each of the. four bases are produced for sequence 
-lysis In the method described by Maxam and Gilbert (reference 1 
and 2) single- or double-stranded DNA molecules are labelled with 
radioactive *, phosphate at a uni q ue 5' or 3' terminus and the 
nucleotide chains are chemically modified at specific bases and then 
cleaved by airline or piperidine hydrolysis. The chain termination 
«thod of Sanger at al (reference 3 to 6) involves enzymic copying 
of aingle-stranded DNA fragments using . DNA polymerase to 
transcribe specific regions of the chain under controlled 
conditions. 
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r^t :::ir;::rer«u.. - — ; 

Conventional* » • ^ , ( the ptoteln coat 

followed by extraction with solvent, such a P 
preclpltatlonvithe ., ethano, "-^^^ 
suspension in solvents is achieved by repeate 

, - rnxlc corrosive liquid which is 

* rr r:\ « « "i i - * * 

unpleasant to handle. After 

Centrifugation steps In the P oaflually> and are 

time consuming and tedious when carried 
difficult to automate satisfactorily. 

durin* pre-se,ue„cl»e purification, reduces 
extracted products and is suitable for auto.ati.n. 

.cordfn, to tbe invention. the separation 
^fiction step »hlch co.prises t . P~s. ^ ^ . 

fUter .embran. »Mcb retains the nucleic de „ rnlMtl on 
. state ready for l_41.t. co-.ence.ent of sequence 

in situ on the membrane. 

„ r . tal „ „»clelc acids by sire exclusion 
Ihe filter «»bra»e «, C > «» biodi EM „, Us of 

.„d/.r »y (b) -.«» -a- «* * " ti „ tptIve 

mt „ cranes of type U> « - » ^„ MS MrkeCe d b y 

Aoicon Corporation (US Patent no. 
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membranes of type (b) are nitrocellulose membranes, NA45(TM), 
DE8KTM), Genescreen (TM), Hybond (TM) and the like; filter 
membranes having non-apecific binding sites .ay be partially blocked 
with Bovine Serum Albumin (BSA) or oth«r inert material. 

An advantage of using ultrafiltration for separation and 
purification of nucleic acids is that the material collected on the 
membrane can be further treated in situ. For example, chemical or 
enzymic reagents can be applied to the membrane surface after 
filtration in order to prepare the trapped nucleic acids for 
sequencing. 

The method of the invention can be used in an improved enzymic 
sequencing process including the following steps :- 



1] A vector carrying a DNA insert to be sequenced is cultured in a 
host, 



2] vector particles containing the DNA inserts are separated from 
the host by filtration, 

3] a protease is applied which will digest the protein coat of the 
vector without degrading the DNA, 

M the DNA is purified and concentrated by pressure activated 
ultrafiltration through a membrane which retains the DNA, 

5] primer is added and annealed to the extracted DNA on the 
membrane, 

61 a p lymerisation enzyme together with a suitable nucleotide 
mixture is applied to the DNA on the membrane, the enzyme being one 
which is capable of catalysing the faithful incorporation of 
nucleotides onto a primed template, 
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„ eh.se .ud.oct.es ate « » " «*' " "' Ple " 

the polymerisation reaction, 

„ the r..ctl.« 1= «—-«- - «» " 
disassociated fro. th. te.pl.te, »«l 

„ . ...Pie .£ »* 1. 1— — ' "/J" 
electrophoresis, or -f » I—'" ">*«"•" 

.„ o, . pr-l. co. • » > ^ , d<Mtor>tio „ step 

<* ""^ " 1 ' ' „ r der ,. separate the str.uds. 

oust he l.duded hefor, an.e.lltt i« ' 

The chose, vector oust h.ve bee. .anipuLted so .. 0 carry 

D „ 4 to he seoue.ced .»d the * ' ™ ^ 

hybr ldls,tlo. site. A p.rticUrly suicab e bos Is he c 

E .C.li, .nd suitable vectors .re bacteriophage 113. »U« 

and Fl derived vectors. 

_ les o, suable Ptote.se ere ch^tryps, -J^™' 
aoi ther.ol»sl.. lesidual prote.se a 1 Ity » ^ 
the reactio. h.s proceeded to ccpletlon by use ^ 

inhibitor. Alternatively, the protease .ay have 
ot a protease ' self _ t „„l,,ati»*. The catalysis 

, t .i„Hc activity and hence oe sen >• 
autolytic activiuj Klenow fragment of 

-foraMv a DNA polymerase such as a Kienow s 
enzyme is preferably a dna p y have 

•» n _ T „verse transcriptase. The enzyme »u 
DNA polymerase 1 or reverse preS ent, 

1 « a «rtivitv which would digest the primer, P 
exonuclease activity rf ^ 

exonuclease activity can be blocked by 
group at the 5' end of the molecule. 

If the abovedescribed method were adapted for sequencing with 
ribonucleotides, t hen ribonucleotides would be used ins ea 
^ribonucleotides in the polymerisation . , ep I ^ 

ova „«ivmprase would be used, possibly witnouu 
appropriate RNA polymerase wou 
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for a primer. Alternatively, if a suitable vector for RNA vere 
developed, RNA could be used as the template. 

One embodiment of the invention will now be described in detail, by 
way of example only. The Example illustrates an improved method of 
DNA sequencing using the chain termination method described by 
Sanger. 

EXAMPLE 

The method comprises the following steps : 

1) Bacteriophage Ml 3 with a DNA insert is cultured overnight in 
E.Coli in suitable culture medium. 

2) The bacteria are separated from the phage by filtration with a 
0.22 micron membrane, such as hydrophilic Durapore (Millipore). The 
bacteria remain on the filter and the DNA-carrying phage pass 
through the membrane into a collection vessel. 

3) The phage are incubated with a protease, such as chymotrypsin, 
in order to digest the protein coat. 

4) The DNA from the phage is separated from the digested protein 
by pressure activated ultrafiltration through a membrane which 
retains the DNA but not the digested protein. A preferred size- 
exclusion membrane is YM10 (Amicon) which retains globular molecules 
of size greater than 10 kDaltons. Alternatively, an adsorptive 
membrane such as nitrocellulose may be used. Non-specific binding 
of reagents to the filter can be prevented by the addition of 1 Z 
bovine serum albumin. 

5) The primer is added as a droplet or a spray to the DNA on the 
filter membrane and is annealed for 20 minutes at 55 to 65'C to 
allow specific hybridisation. 
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„ Preyed .nd m Prtj— I ~ 

added a, . dropl.t ot . spray to th. HIM. «■*"■» 

L th. prl«d ».pl.« c. .y«h«.i« ■» * «*•*• «" MlM - 
- -c.de labelled nucleotide. - — 

nucleotides. 

7) Ch.se nucleotide, .r. .dded It ««<8.rj. 

., A £.™.id. droplet or spray Is pl««d - *• — - 
heated .t 90-C for 5 .inutes la order to ter.in.te reaction en 
c ,»..d ^association o, newly synthesized » fro. the «,!.«.. 

10) The DNA frag-ents are separated by electrophoresis. 
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C L A IMS: 



I. An improved method of sequencing nucleic acids wherein the 
improvement resides in a purification step which ccprises the 
pressure activated separation of DNA or RNA fro. a digest suspension 
by ultrafiltration using . f ilter MBbrane wMch fetaln8 ^ 
acids and presents the. in a state ready for immediate commencement 
of sequence deter.ination in situ on the membrane. 

2. An improved enzymic sequencing process for DNA which includes 
the following steps : 



i] a vector carrying a DNA insert to be sequenced is cultured in a 

host, 



ii] vector particles containing the DNA inserts are seated from 
the host by filtration, 

iii] a protease is applied which will digest the protein coat of the 
vector without degrading the DNA, 

iv] the DNA is purified and concentrated by pressure activated 
ultrafiltration through a .embrane which retains the DNA, 

v] pri.er is added and annealed to the extracted DNA on the 

membrane, 



viJ a polymerisation enzyme together with a suitable nucleotide 
-ixture is applied to the DNA on the membrane, the enzyme being one 
which is capable of catalysing the faithful incorporation of 
nucleotides onto a primed template, 

vii] chase nucleotides are added if necessary in order to c mplete 
the polymerisation reaction, 
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the reaction 1. t.r.i.at.d end the synthesis m U 

disassociated fro. the te.pl.te, and 

electrophor..!., or onto .. .lt.rn.ti~ ....ration wtm. 

3 An iwroyed method of MA aeouencio,. using th. chain 

Linati.. «thc Sanger. ■«* rt « '•»—« • 

a) Bacterophage «3 with a m insert is cultured in E.Coll in 

suitable culture medium, 



b) the bacteria are se 
hydrophilic membrane, 



parated fro. the phage by filtration with a 



c) the phage are incubated with chy.otrypsin prot 

„ the W fro. the phage is purified and concentrated by pressure 
, ti.ated ultrafiltration through a .e.br.oe which retain th » 
,. g a sire-exclusion .e.braoe which retains globular ..l.cuUs of 
,U, greater than 10 nitons or a. adsorptive .e.brane such as 

nitrocellulose), 

pri.«r is added as a droplet or a spray to the MA on the 
EUter .e.bra.e and is annealed for 20 .inutes at 55 to C, 

» prated nucleotides and 0»A poly.er.se I Kle.o. fragment are 

— »■« rh* filter membrane and are 
. added as a droplet or a spray to the filter 

incubated at 20°C for 15 minutes, 

g ) chase nucleotides are added if necessary, 

h) a f oroide droplet or spray is placed on the membrane and 
heated at 90°C for 5 minutes, 
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1. A method for the sequencing of nucleic acid ceasing 
recovering, from a host/vector system,, vector particles 
containing a nucleic acid insert to be sequenced, treating the 
vector particles with a protease to digest proteinaoeous 
contaminants, renoving digestion products by ultrafiltration 
through a membrane which retains purified nucleic acid, and 
thereafter processing the purified nucleic acid without rarcval 
from the nanbrane to produce a series of nucleic acid f ragrrents 
for subsequent separation by electrophoresis 
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